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Key findings of the Intergovernmental Panel on Climate 
Change: Humans are affecting Earth’s climate

“The balance of evidence suggests a 
discernible human influence on global 
climate”

“There is new and stronger evidence that 
most of the warming observed over the last 
50 years is attributable to human activities”
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Climate Change 101: Natural mechanisms influence 
climate

Changes in the Sun

Changes in the amount of volcanic 
dust in the atmosphere

Internal variability of the coupled 
atmosphere-ocean system

Natural mechanisms
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Climate Change 101: Human factors also influence 
climate

Non-natural mechanisms

Changes in atmospheric concentrations 
of greenhouse gases

Changes in aerosol particles from 
burning fossil fuels and biomass

Changes in the reflectivity (albedo) of 
the Earth’s surface
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Climate Change 101: There are large uncertainties in 
projections of future global-mean temperature changes

* Source: IPCC Third Assessment Report, Summary for Policymakers
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The great “greenhouse gamble”…

<1°C (4.1%; 1 in 24 odds)

1 to 1.5°C (11.4%; 1 in 9 odds)

1.5 to 2°C (20.6%; 1 in 5 odds)

2 to 2.5°C (22.5%; 1 in 4 odds)

2.5 to 3°C (16.8%; 1 in 6 odds)

3 to 4°C (16.2%; 1 in 6 odds)

4 to 5°C (4.6%; 1 in 22 odds)

>5°C (3.8%; 1 in 26 odds)

Source: MIT Joint Program on the Science and Policy of Climate Change
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Why is climate model evaluation important?

Climate models are the only tool we have for making predictions 
about the climate change “signal” that may result from human-
caused increases in atmospheric CO2

These tools have systematic errors

These errors limit our ability to make reliable forecasts of the
climate changes we may experience over the next century
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How do we evaluate climate models?

Types of test

Today’s annual mean climate

The diurnal cycle

The seasonal cycle

Interannual variability (El Niño, North Atlantic Oscillation, etc.)

The climate of the past 50-150 years

Climates of the distant past (e.g., the last Ice Age)



PCMDI 11

Atmospheric models have improved over time 

Percentage change in total error (AMIP2-AMIP1)
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Another test: Can models simulate the temperature 
changes after major volcanic eruptions?
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We now have a variety of estimates of temperature 
changes over the last 1-2 millenia
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We have made progress in resolving an important 
problem: The apparent lack of tropospheric warming

“And we know that the theory that increasing concentrations of 
greenhouse gases like carbon dioxide will lead to further warming is 
at least an oversimplification. It is inconsistent with the fact that 
satellite measurements over 35 years show no significant warming 
in the lower atmosphere, which is an essential part of the global-
warming theory”.

James Schlesinger (former Secretary of Energy, Secretary of 
Defense, and Director of the CIA), “Cold Facts on Global Warming”, 
L.A. Times, January 22, 2004 
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We now have multiple estimates of temperature 
change in the troposphere
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Tropospheric temperature trends over 1979-2003 in 
two different satellite datasets

Bottom line: Observational uncertainty 
is important in model evaluation work!

Mears et al.

Linear trend (°C/decade)
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Other estimates of atmospheric temperature change 
are now becoming available
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We are making progress in defining the characteristic 
“fingerprints” of different climate forcings
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We are identifying new “fingerprints” of human effects 
on climate: Tropopause height
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In a climate model, human-caused changes in 
tropopause height are large relative to natural effects

Santer et al., Science (2003)
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Patterns of tropopause height change are similar 
in “observations” (A) and a climate model (B)

- 1 . 5

- 1 . 2 5

- 1

- 0 . 7 5

- 0 . 5

- 0 . 2 5

0

0 . 2 5

0 . 5

0 . 7 5

1

1 . 2 5

1 . 5

- 6

- 5

- 4

- 3

- 2

- 1

0

1

2

3

4

5

6

Linear trend (hPa/decade)

EOF loading

Blue and purple colors indicate 
an increase in height (decrease 
in pressure)

A) ERA-40 trend 
(1979-2001)

B) PCM “All forcings” 
experiment



PCMDI 23

Warming of the world’s oceans: Another “fingerprint” 
of human effects on climate

Levitus et al., Science (2000)
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The observed ocean warming is consistent with results 
from model simulations

S/N ratio for change in mean ocean temperature (0-300m)
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“Fingerprints” of human effects on climate have 
been identified in many different variables

Near-surface temperature

Sea-level pressure

Ocean heat content

Atmospheric temperature

Northern Hemisphere sea-ice extent
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Emerging science: A selection of recently-published 
papers in Science and Nature
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Climate model resolution is improving, leading to 
improved performance

Duffy et al.
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We are now trying to detect human-induced climate 
change at regional scales

Near-surface 
temperature 
changes
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Why should we focus on regional climate?

Because humans and natural ecosystems experience regional, not 
global, climate;

Because improvements in climate models make meaningful 
regional projections possible

Regional climate changes will determine societal impacts and 
drive climate-related policy decisions

Water availability

Recreation
Extreme events

Air quality

Human health

Agriculture
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Conclusions

We have identified human-caused climate change in a number of 
different aspects of the climate system 

The climate system is telling us a robust, internally–consistent story

Ultimately, the electorate will decide how to respond to human-
induced climate change

To make wise decisions, we need an informed, scientifically-savvy electorate

This will require substantial investments in educational outreach

We need to improve our ability to predict the regional-scale climate 
changes that are “in the pipeline”, and their societal impacts

It is these regional-scale changes that we will “feel” most strongly
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Future work: Use common historical forcing 
scenarios

IPCC requests that modeling groups perform common scenario 
calculations for future emissions of trace gases and aerosols

e.g., Stabilization and “commitment” calculations

No requirement for calculations with common estimates of 
historical forcings

Well-mixed GHGs, ozone, volcanic aerosols, solar irradiance changes
Anthropogenic aerosols?

This hampers intercomparison and interpretation of differences in 
model responses to historical forcings

Without common historical forcing scenarios, model comparisons in IPCC 
2007 will be convolving differences in both applied forcings and simulated 
responses!

We can and should do better than the CMIP2 comparisons shown in 
IPCC 2001
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Future work: Search for “fingerprints” of anthropogenic 
aerosols in observations

Most statistical “fingerprint” detection studies have considered only 
direct scattering effects of anthropogenic sulfate aerosoIs

Few studies have incorporated sulfate aerosol indirect effects, or 
direct/indirect effects from soot and biomass aerosols, mineral dust, etc.

This leaves current detection work open to justifiable criticism – a 
potential problem for IPCC 2007

High priority to repeat detection and attribution studies with best 
estimates of climate fingerprints arising from soot, biomass, and 
mineral dust aerosols

We should be able to identify these fingerprints if they are as large as 
hypothesized

Some of these forcings should have signals with great regional and seasonal 
specificity!
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